neutron diffraction

neutrons are:

proper A for diffraction

highly penetrating
see nuclear contrast

magnetic

Z =47 Z=7
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neutron : nuclei (nuclear) scattering

ofit

neutron : electron (magnetic) scattering




reflectometry: buried interfaces

R(Qz) function only of n(z)

think of samples as stacks
of slabs - a 1-D problem

characterize buried layers

- huclear & magnetic
depth profiles

- Sub-nm resolution \
achievable




scattering length density

neutrons reflect at interfaces of differing n
scattering length density:
p(2)=(1-nm)QA2/n

= P(Z)nuclear + P(Z)magnetic
Pruclear = 2.i Ni bi,

N is the number density

b is the scattering length
pmagnetic — 2853 X 10-9 M (kA m-1)
M is the magnetization

neutron polarization helps differentiate pnuciear and M profiles



polarized beam: non spin-flip

Born approximation:

Incident scattered

R++(Z)
o J|Ppruc + Pmag cOsP|eiQ%dz
ONRNO® .
14 sample (tOp) 4 oJ|Pauc - Pmag cosd|eiQzdz
incident scattered ® nuclear profile

¢ e in-plane M profile Il H

sample (top)



polarized beam: spin-flip

Incident scattered Born approximatian_-
R™(z) = R"(2)
o [|pmag sindle'®zdz
T sample (top) +
incident scattered ® purely magnetic

¢ e in-plane M profile L H

sample (top)



surface normal M?

scattered

Incident

¢

e M along surface normal
does not scatter

* sample (top) e implcations for

perpendicular media

Incident scattered

0

i sample (top)




PBR (NG1) at the NCNR

onchromatlc cold
Be filter neutron beam

Al coil spin flipper / Al coil spin flipper
/ monltor / [ /

- Fe/Si supermirror

analyzer
/ detector
- -
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slit 4

it 1 Fe/Si supermirror

PG [002] polarizer
triple crystal
monochromator

slit 3

e one of a handful globally
e buried magnetism

® nuclear contrast

e wide variety of science

e also Asterix at LANL




